1. The membrane structure of erythrocytes of rats with different forms of arterial hypertension was studied by means of two hydrophobic fluorescent probes (diphenylhexatriene and pyrene).
Introduction
Earlier we have shown that erythrocyte membranes of rats with spontaneous hypertension have increased permeability for Na+ and K+ [ l l and abnormally low Ca*+-binding ability (for the inner part of the membrane) [2, 31. The same alterations were revealed in patients with essential hypertension [2, 41. Moreover, some results have been obtained to demonstrate that altera-* Present address: Institute of Biophysics of the Academy of Sciences of the U.S.S.R., Pushino, 
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tion of erythrocyte permeability is connected with abnormalities of Na+/Li+ counter-transport and Na+/K+ co-transport systems [5, 61. It is natural to suggest that such essential abnormalities in erythrocyte membrane function in hypertension are due to certain changes of membrane structure. Experimental evidence for this suggestion is given in the present paper.
Material and methods

Animals
Spontaneously hypertensive rats. 10-week-old male rats (SHR, Kyoto-Wistar strain) with blood pressures 180-200 mmHg were used. The normotensive control group (100-120 mmHg) consisted of Kyoto-Wistar rats (NKWR) of the same sex and age. The animals were kept on standard diet and tap water. The methods for blood sampling and blood pressure measurement have been previously described [ 11.
Renal hypertension. Two-kidney one-clip Goldblatt type hypertension was induced in female Wistar rats (15-16 weeks old). Blood pressure was 170-190 mmHg (duration of 'hypertension 4-6 weeks). The control group consisted of intact normotensive female rats of the same weight and age.
DOCA hypertension. This was produced in unilaterally nephrectomized female Wistar rats (15-16 weeks old) treated with DOCA (crystalline deoxycorticosterone acetate, 25 mg given subcutaneously twice with an interval of 10 days). These rats were given 1% NaCl solution to drink; blood pressure was 175-195 mmHg and the duration of hypertension was 4-6 weeks. The control groups for this part of the study were: (a) unilaterally nephrectomized female Wistar rats kept on a 1% NaCl solution (blood pressure 125-135 mmHg) and (b) unilaterally nephrectomized rats (blood pressure 115-125 mmHg). All rats of control groups were the same age as DOCA-hypertensive rats.
Erythrocytes
Blood samples were centrifuged (1000 g, 5 min). Plasma and buffy coats were discarded, and erythrocytes were washed three times under the same conditions of centrifugation with 3-fold volumes of sodium phosphate/saline buffer (5 mmol/l in NaCl solution, 150 mmol/l), pH 8.0.
The erythrocyte 'ghosts' were prepared by haemolysing the washed erythrocytes in 20-fold volume of sodium phosphate buffer (5 mmol/l; pH 8.0) and subsequent washing three times in the same solution (30 000 g, 30 min). The protein content was estimated by the method of Lowry et al. [7] .
Hydrophobic juorescent probes
Two probes, diphenylhexatriene (DPHT) and pyrene, were used for the investigation of the membrane structure.
In the case of DPHT the intensities of fluorescence at parallel (Fl,) eximer (IE, emission wavelength 450 nm) fluorescence were measured, and the ratio ZM/ZE was calculated. This ratio is also proportional to the microviscosity of pyrene absorption sites in the membrane [9] . The fluorescence of pyrene was excited both directly (325 nm) and indirectly, i.e.
by exciting of tryptophan residues in membrane proteins (285 nm). In the first case it is possible to estimate the integral characteristic of pyreneabsorption-site microviscosity, and in the second case it is possible to characterize the microviscosity of the membrane hydrophobic area near protein molecules only.
The concentration of pyrene was selected so that the quenching of tryptophan fluorescence was 90% of the maximal quenching by pyrene.
The fluorescent probes were dissolved in ethanol. The concentration of ethanol in the measuring cell was no more than 0.2%; the protein concentration was 1 mg/ml.
The fluorescence measurements were performed with a Hitachi spectrofluorimeter MPF-4 (Hitachi, Japan). The results are represented as means If: SEM. The significance of difference between means was estimated by t-test.
Results
The results of the fluorescence polarization anisotropy determination are given in Table 1 . These data indicate that microviscosity of the probe absorption sites in the SHR erythrocyte membranes is higher than the control value by 70%. There were no differences in the polarization anisotropy of DPHT in erythrocyte membranes of DOCA-treated rats and renal hypertensive rats as compared with results from corresponding normotensive controls.
There was no difference between the fluorescence spectra of pyrene in SHR and NKWR membrane preparation samples when the ex- (Table 2 ). This distinction could be interpreted as the difference of microviscosity of the membrane area localized near protein tryptophan residues (within the limits of the Forster radius of energy migration).
Discussion
The polarization anisotropy of DPHT fluorescence and the ratio of fluorescence intensities of pyrene in the monomer and eximer states reflect two distinct physical properties of the hydrophobic area of the biological membrane: A / ( A , -A) characterizes rotational diffusion, and IM/ZE characterizes lateral diffusion [8,91. Thus rotational diffusion in the whole hydrophobic area, and lateral diffusion in the area of lipid-protein contact in the erythrocyte membrane of spontaneously hypertensive rats are decreased compared with the same membrane properties in normotensive control animals.
The alteration in membrane structure may account for the increased erythrocyte membrane permeability for univalent cations as well as lowered Ca2+-binding ability of its inner surface found previously in spontaneously hypertensive rats [1-31.
The structural changes in erythrocytes of SHR may represent part of a widespread membrane alteration which plays a causal role in this type of hypertension. However, this does not appear to play a significant role in the development of either DOCA or renal hypertension.
